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EVALUATION 


The  objective  of  this  effort  was  to  develop  and  verify  mathematical 
relationships  to  theoretically  assess  the  mechanical  stresses  induced  in 
large  microcircuit  packages  under  various  environmental  conditions. 

As  a result  of  this  program,  earlier  work  published  in  RADC-TR-76-291 
has  been  improved  and  extended  to  provide  formulas  for  the  maximum  tensile 
stress  in  the  lid-to-wall  seal,  the  maximum  lid  deflection,  and  the  lid 
collapsing  force  for  a rectangular  flat-pack  under  external  pressure. 

Some  of  the  main  improvements  on  the  previous  work  includes  a more 
thorough  consideration  of  lid  plasticity,  especially  as  a limiting  factor 
in  the  transfer  of  bending  moment  from  the  lid  to  the  wall  through  the  seal, 
and  the  inclusion  of  lids  with  thinned  edges. 

The  data  and  information  base  established  by  this  effort  will  be  used 
by  the  Air  Force  to  establish  effective  test  levels  as  a function  of 
package  size  and  material  and  also  by  part  manufacturers  as  design  guidelines. 

The  models  and  relationships  which  have  been  developed  will  be  further  verified 
by  experimentation  and  will  be  considered  in  formulating  revised  screening 
requirements  for  MIL-STD-883,  "Test  Methods  and  Procedures  for  Microelectronics," 
Method  5008  and  the  package  related  tests  of  Method  5005.4. 


RECTANGULAR  FLAT-PACK  LIDS  UNDER  EXTERNAL  PRESSURE: 
IMPROVED  FORMULAS  FOR  SCREENING  AND  DESIGN  (REVISED)* 


By  Charles  Libove 

Professor  of  Mechanical  and  Aerospace  Engineering 
Syracuse  University 

I.  SUMMARY 

Earlier  work  is  Improved  and  extended  to  provide  formulas  for  the 
maximum  tensile  stress  in  the  lid-to-wall  seal,  the  maximum  lid  deflection, 
and  the  lid  collapsing,  pressure  for  a rectangular  flat-pack  under  external 


pressure.  It  is  shown  how  these  formulas  can  facilitate  (a)  the  proper 

design  of  the  package  so  that  it  will  retain  its  hermetlcity  and  service- 

ability under  a given  screening  pressure,  and  (b)  the  selection  of  a proper 
pressure  to  use  in  the  hermetlcity  screening  of  an  already  designed  package. 
Information  is  also  given  on  the  approximate  equivalence  of  external  pres- 
sure and  centrifuge  acceleration  in  regard  to  the  seal  stresses  and  lid 
behavior.  Finally,  experimental  data  on  package  hermetlcity  are  presented 

which  tend  to  confirm  the  validity  of  the  main  hypotheses  of  the  present 

work. 

II.  INTRODUCTION 

External  pressure,  per  Method  1014.2  of  Reference  1,  is  generally 
accepted  as  a means  of  screening  out  non-hermetlc  or  potentially  non-her- 
metic  microelectronic  packages.  Knowing  that  this  is  the  screening  device 

*The  original  version  of  this  report  was  published  as  RADC-TP.-76-291, 
September  1976  (AD-A025625) . The  present  version  differs  from  the  original 
mainly  in  its  more  thorough  consideration  of  lid  plasticity  and  the  inclu- 
sion of  lids  with  thinned  edges. 
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to  be  employed,  the  designer  and  the  user  of  such  packages  are  faced  then 
with  the  following  two  questions,  respectively: 


(a)  Given  the  screening  pressure  to  which  the  package  will  be  subjected, 
what  should  the  design  features  of  the  package  be  in  order  that  a 
seal  of  good  quality  will  retain  its  hermeticity  under  that  pressure? 

(b)  Given  a package  that  is  already  designed  and  available,  what  screening 
pressure  should  be  used  in  order  to  weed  out  (i.e.,  destroy  the  her- 
meticity or  aggravate  the  non-hermeticity  of)  those  seals  at  the  low 
end  of  the  quality  spectrum? 


In  Reference  2a  simple  formulas  and  charts  were  developed  as  an  aid  in 
answering  these  two  questions  for  rectangular  flat-packs.  The  work  of  Ref- 
erence 2a  was  limited  to  the  case  in  which  the  package  walls  were  of  con- 
stant thickness  and  material  and  the  lid-to-wall  seal  extended  across  the 
entire  thickness  of  the  top  of  the  wall.  In  Reference  2b  this  work  was 
extended  to  include  walls  whose  thickness  and  materials  might  vary  from  top 
to  bottom  and  seals  whose  widths  are  narrow  compared  to  the  wall  thickness 
at  the  top  of  the  wall. 

In  the  first  version  of  the  present  report  (Reference  3)  some  improve- 
ments and  additions  were  made  to  the  previous  work  (References  2a  and  2b). 
They  included:  (a)  more  reasonable  definitions  of  the  length  and  width  of 
the  package  lid,  (b)  more  reasonable  assumptions  regarding  the  elastic 
restraint  furnished  to  the  package  walls  by  the  base,  (c)  more  complete  data 
on  lid  deflections,  (d)  formulas  for  the  ultimate  strength  of  the  lid  under 
external  pressure,  and  (e)  experimental  data  on  package  hermeticity  tending 
to  validate  the  main  hypotheses . 

The  present  version  incorporates  two  further  Improvements:  (f)  a more 
complete  consideration  of  lid  plasticity,  especially  as  a limiting  factor 
in  the  transfer  of  bending  moment  from  the  lid  to  the  wall  through  the  seal. 
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erence  2a  related  to  the  present  figures  7,  8 and  14.  These  derivations 
are  not  repeated  In  the  present  work. 

The  symbols  to  be  used  are  defined  where  first  introduced,  and  the 
definitions  are  also  compiled  in  Appendix  A for  ease  of  reference. 


Acknowledgement .-  This  report  was  written  under  Contract  No. 
F30602-78-0083,  Task  No.  PRN-8-5165,  with  the  Air  Force  System  Comnand'a 
Rome  Air  Development  Center,  Griff iss  Air  Force  Base,  New  York. 


III.  DESCRIPTION  OF  PACKAGES 

The  package  is  rectangular,  as  shown  In  Figure  1,  with  the  cavity 
having  width  a,  length  b,  and  height  h.  The  dimensions  a and  b are  measured 
at  the  top  of  the  cavity,  and  a Is  the  shorter  of  the  two  if  they  are  un- 
equal. The  dimension  h is  assumed  to  be  small  compared  to  b. 

If  ceramic,  the  lid  is  assumed  to  have  a constant  thickness  t in  the 
region  above  the  cavity  and  to  be  no  thinner  than  t in  the  edge  regions 
above  the  walls.  If  metallic,  the  lid  is  assumed  to  have  a constant  thick- 
ness t in  the  region  above  the  cavity  and  is  allowed  to  have  a smaller 
thickness  te  in  the  edge  strips  above  the  walls;  if  the  lid  does  not  have 
thinned  edges,  t£  should  be  replaced  by  t in  the  formulas  to  be  developed. 

The  Young's  modulus  E (modulus  of  elasticity)  and  the  Poisson’s 
ratio  v of  the  lid  material  are  assumed  to  be  known.  For  most  materials  v 
can  be  taken  as  0.3  with  little  error.  Knowing  E,  t and  v,  one  can 
compute  the  elastic  "plate  flexural  stiffness"  D of  the  lid  as  follows: 
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D - Et3/[12(l-v2)] 


(1) 


The  basic  flexural  strength  of  the  lid  Is  assumed  to  be  known  in 
terms  of  Its  ultimate  bending  moment  per  unit  width,  which  will  be  designated 
aa  m in  the  Interior  and  me  in  the  edge  regions,  with  the  latter  designation 
being  pertinent  only  to  metallic  lids  with  edge  zone  thickness  t^  smaller 
than  the  main  thickness  t.  These  ultimate  bending  moments  per  unit  width 
can  be  computed  from  the  bending  modulus  of  rupture  of  the  material  via 
the  formulas 


m ■ o t2/6  nr  - o.  t2/6  (2) 

d e b e 

By  means  of  tests  on  cantilever  strips  cut  from  commercially  available 
Kovar  lids,  the  writer  has  estimated  for  such  lids  to  be  107,000  psi  with 
a coefficient  of  variation  of  8 percent.  For  ceramic  lids  the  value  of 
can  be  obtained  from  the  manufacturer's  literature,  where  it  is  sometimes 
referred  to  as  the  "flexural  strength"  of  the  material. 

There  are  different  physical  actions  associated  with  the  development 
of  the  ultimate  bending  moment,  depending  upon  whether  the  lid  is  a ductile 
metal,  like  Kovar,  or  a brittle  ceramic.  In  the  former  case,  m and  m are 
equal  to  the  fully  plastic  bending  moments  per  unit  width,  and  they  are 
associated  with  the  development  of  very  high  curvatures  without  any  fracture 
of  the  material.  In  the  latter  case,  m is  the  bending  moment  per  unit 
width  at  which  fracture  occurs,  and  there  is  little  or  no  plastic  deformation 
preceding  the  fracture. 

Two  kinds  of  wall  construction  will  be  assumed,  namely  "uniform"  and 
"stepped,"  as  illustrated  in  Figures  2(a)  and  (b) . In  the  former,  which  is 
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typical  of  an  all  metal  packer?,  the  material  and  the  thickness  w are 
constant  along  the  entire  height  of  the  wall.  In  this  case  and  will 

denote  the  Young's  modulus  and  Poisson's  ratio  of  the  wall  material  and 


Dw  5 Eww3/[12(1-vw2)]  (3) 

will  denote  its  plate  flexural  stiffness.  In  the  stepped  wall,  which  is 
illustrated  in  Figure  2(b),  the  material  and/or  the  thickness  are  only 
piece-vise  constant.  In  such  a wall,  w,  Wj,  w2,  ...,  will  denote  the  thick- 
nesses of  the  several  segments,  starting  from  the  top.  E^,  E^,  Ej,  ..., 
will  denote  their  respective  Young's  moduli;  v^,  v^,  v2,  ....  their  Poisson's 
ratios;  and  D^,  D^,  D2,  ....  their  plate  flexural  stiffnesses,  defined  as 
follows: 


= , D = , 

12(l-vw2)  12U-VJ2) 


12(l-v22) 


The  top  of  the  top  segment  of  the  wall  will  have  a height  above  the  base 
that  is  equal  to  h,  the  depth  of  the  cavity.  The  heights  of  the  tops  of 

the  remaining  segments  above  the  base  will  be  denoted  by  h^,  h2,  ..., 

respectively,  as  indicated  in  Figure  2(b).  In  a typical  three-segment 
stepped  wall,  like  the  one  shown  in  Figure  2(b),  the  top  segment  might  be 

• metal  seal  frame  and  the  other  two  segments  would  be  of  glass.  All  four 

walls  are  assumed  to  be  Identical  in  construction  and  cross  section. 

Two  kinds  of  lid-to-wall  seal  will  be  considered:  the  "vide  seal"  and 
the  "narrow  seal,"  which  are  illustrated  in  Figure  3.  In  the  former,  the 
seal  width  v^  is  essentially  equal  to  the  thickness  v of  the  top  of  the 
wall.  This  kind  of  seal  would  result  typically  from  the  use  of  a solder 
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preform.  In  the  narrow  seal,  which  might  result  from  an  electrical  seam 

welding  process,  the  seal  width  w is  much  smaller  than  w,  and  the  seal  is 

s 

confined  to  the  outer  limits  of  the  lid-wall  interface.  In  such  a seal,  e 
will  denote  the  distance  from  the  inner  edge  of  the  wall  top  to  the  middle 
of  the  seal  width  (see  Figure  3(b)). 


IV.  MAIN  HYPOTHESES 


The  following  assumptions  are  the  main  basis  of  the  present  work: 

(a)  Under  hydrostatic  external  pressure,  the  lid  may  be  regarded  as  a 
uniformly  loaded  rectangular  plate,  with  width  and  length  equal  to 
the  cavity  dimensions  a and  b,  and  with  edges  elastically  restrained 
against  rotation  by  the  walls  of  the  package. 

(b)  The  external  pressure  produces  or  enhances  leakage  paths  in  poor 
quality  lid-to-wall  seals  mainly  by  the  creation  of  tensile  stresses 
in  the  outer  portions  of  the  seal  that  exceed  the  tensile  strength 

of  the  seal  material.  (In  poor  quality  seals,  e.g.,  those  containing 
voids  or  Inclusions,  this  tensile  strength  will  presumably  be  lower 
than  in  good  quality  seals.) 

(c)  Whether  good  or  poor,  the  seal  quality  is  reasonably  uniform  around 
the  periphery  of  the  lid,  so  that  the  damaging  tensile  stresses 
referred  to  in  (b)  need  not  be  present  along  the  entire  periphery 
but  may  be  localized  at  the  middles  of  the  longer  sides. 


Hypothesis  (a)  implies  that  we  must  evaluate  the  degree  of  elastic  restraint 
furnished  by  the  walls  to  the  edges  of  the  lid,  and  this  is  done  in  the 
next  section. 


V.  ELASTIC  RESTRAINT  FURNISHED  TO  THE  LID  BY  THE  WALLS 

he  walls  will  be  regarded  as  wide  vertical  beams  of  length  (i.e., 
height)  h,  with  the  local  rotation  6 (in  radians)  at  the  upper  end  propor- 
tional to  the  local  intensity  M of  the  bending  moment  per  unit  width 
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exerted  upon  the  wall  by  the  lid  aa  It  flexes  under  external  hydrostatic 
pressure*.  This  relationship  can  be  expressed  as 

M - k6  (5) 

where  k is  a proportionality  constant.  The  value  of  k depends  upon  the 
moment  per  unit  width  which  the  base  of  the  package  exerts  upon  the 
lower  end  of  the  wall  (see  Figure  4(a)).  In  what  follows  we  will  make  the 
simplifying  assumption  that  ■ M,  as  shown  in  Figure  4(b) .** 

Assuming  ■ M,  and  analyzing  the  wall  as  a wide  beam  of  length  h, 
we  arrive  at  the  following  formula  for  k: 

D 

k - a “jf  (6) 

where  a is  a dimensionless  constant  whose  value  depends  on  the  nature  of 
the  wall.  If  the  wall  is  uniform,  as  in  Figure  2(a), 

o - 2 (7a) 


If  the  wall  is  a three-segment  stepped  wall,  as  in  Figure  2(b), 


*The  lid  exerts  a vertical  force  as  well  as  a moment  upon  the  inside 
edge  of  the  top  of  the  wall.  The  small  additional  bending  of  the  wall  due 
to  this  force  is  being  neglected. 

**This  assumption  is  correct  in  the  case  of  a uniform  wall  with  the 
base  and  lid  identical,  for  then  a horizontal  plane  of  symmetry  exists  at 
the  mid-height  of  the  package.  It  is  also  nearly  correct  in  the  case  of 
short  stubby  walls  (uniform  or  not)  that  effectively  clamp  the  edges  of  the 
lid  and  base  (which  need  not  be  identical).  This  is  because  the  bending 
moments  along  the  edges  of  a clamped  rectangular  plate  under  uniform  pres- 
sure are  virtually  independent  of  the  plate  material  and  thickness,  depending 
almost  entirely  on  the  pressure  and  the  dimensions  a and  b (see  Table  35  of 
Reference  4);  thus  the  lid  and  base,  having  the  same  pressure  and  being 
about  the  same  size,  will  have  nearly  identical  distributions  of  bending 
moments  around  their  edges  when  the  latter  are  in  a clamped  or  nearly  clamped 
state.  Since  most  packages  fall  fairly  close  to  one  or  both  of  the  two 
cases  Just  described,  the  assumption  M.  ■ M is  felt  to  be  appropriate. 
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For  an  n-segmented  stepped  wall. 
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Setting  • t>2  ■ ...  - in  Eqs.  (7b)  and  (7c)  reduces  them  to  (7a),  as 
It  should. 

For  later  use  we  now  Introduce  a dimensionless  wall  stiffness  para- 
meter, K,  which  is  essentially  a measure  of  the  ratio  of  the  wall  flex- 
ural stiffness  to  the  lid  flexural  stiffness.  K Is  defined  as  follows: 


- i k 

" *2  (D/a) 


4 a jw 
n2  h D 


a 


(8a) 


If  the  Poisson's  ratios  v and  v w are  equal,  this  definition  reduces  to 


K 


4 a w 
x2  h E 


<7> 


(8b) 


In  graphs  to  be  given  later,  certain  quantities  are  plotted  as  functions 
of  arctan  K,  rather  than  as  functions  of  K.  Figure  5 will  permit  an  easy 

conversion  from  K to  arctan  K.  For  most  packages  arctan  K will  be  fairly 

close  to  the  upper  limit  of  ir/2,  or  1.57,  implying  that  the  edges  of  the 

lid  are  very  close  to  being  clamped  by  the  walls. 

VI.  FORMULAS  FOR  MAXIMUM  TENSILE  STRESS  IN  THE  SEAL 

Linearly  Elastic  Lid.-  Under  the  action  of  a uniform  gage  pres- 
sure p (pel),  reactions  will  develop  along  the  edges  of  the  lid,  as 
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depleted  In  Figure  6.  These  will  Include  bending  momenta  of  varying  Inten- 


sity M (In. -lb  per  In.),  due  to  the  restraint 
the  walls,  and  an  effective  vertical  shear  of 
in.).  The  maximum  values  of  M and  V occur  at 
as  long  as  the  lid  is  linearly  elastic  (i.e., 
expressed  as 


against  rotation  furnished  by 
varying  intensity  V (lb  per 
the  middle  of  the  long  side  and, 
obeys  Hooke's  Law),  can  be 


M 


MX 

V 


MX 


p.2 

(9) 

p* 

(10) 

where  n^  and  n^  are  functions  of  the  elastic  restraint  parameter  K and  the 
aspect  ratio  b/a  of  the  lid.  The  values  of  n^  and  nj  associated  with  any 
given  configuration  can  be  obtained  from  Figures  7 and  8,  respectively. 


The  maximum  tensile  stress  S in  the  seal  is  most  likely  to  occur  at 

QMX 

the  middle  of  the  long  side,  where  the  bending  moment  transmitted  from  the 
lid  to  the  wall  is  a maximum.  At  this  location  the  bending  moment  M 

max 

and  vertical  shear  V are  transferred  to  the  edge  atrip  of  the  cover 

max 

directly  over  the  wall,  as  shown  in  Figure  9.**.  The  edge  strip  transfers 


*In  Figure  7 the  data  for  a clamped  plate  (K"»,  arctan  K"n/2)  are 
taken  from  Table  35  of  Reference  4.  All  other  data  in  this  figure  are 
based  on  the  analysis  in  Appendix  A of  Reference  2a.  In  Figure  8 the  data 
for  a simply  supported  plate  (arctan  K ■ 0)  are  from  Table  8 of  Reference  4. 
The  data  for  a clamped  plate  (arctan  K - n/2)  are  based  on  the  analysis  in 
Appendix  B of  Reference  2a.  The  curves  for  elastically  restrained  plates 
(arctan  K » .4,  .8,  1.2)  were  Inserted  by  Interpolation,  assuming  a linear 
variation  of  n2  with  reapect  to  arctan  K,  which  is  approximately  the  varia- 
tion obtained  for  n^.  In  view  of  the  small  change  in  n2  in  going  from 
simple  support  to  clamping  (around  6X  at  the  most)  and  tbe  small  role  that 
n2  will  play  in  the  subsequent  development,  the  linear  ; iterpolation  employed 
in  Figure  8 is  considered  acceptable. 


**Recall  that  for  analytical  purposes  we  are  considering  the  lid  to  end 
at  the  inner  edges  of  the  wall. 


these  in  turn  to  the  top  of  the  vail,  along  with  the  force  pw  per  unit  length 
due  to  hydrostatic  pressure  p acting  at  the  top  of  the  edge  strip.  Thus,  the 
edge  strip  is  essentially  a loading  device  to  transfer  the  forces  shown  in 
Figure  9 to  the  wall  below  it. 

The  states  of  stress  assumed  to  be  developed  at  the  top  of  the  wall,  as 
a result  of  the  forces  applied  to  it  by  the  edge  strip  in  the  middle  of  the 
long  side,  are  shown  in  Figure  10,  In  the  case  of  a wide  seal  we  are 
assuming  a linear  variati  of  normal  stress  across  the  thickness  of  the 
wall.  In  the  case  of  a noirow  seal  we  assume  Instead  a uniform  tensile 
stress  in  the  seal  area  together  with  a concentrated  compressive  line  load 
along  the  inner  edge  of  the  wall.  In  both  cases  the  maximum  tensile  stress 

S in  the  seal  material  occurs  at  the  outside  edge. 

max 

The  stress  distributions  of  Figure  10  must  be  statically  equivalent  to 
the  loading  of  Figure  9.  From  this  equivalence  one  can  deduce  the  following 
expressions  for  the  maximum  tensile  stress  in  the  seal: 


max 


- (m  +V  ~ (p  + 

\ max  max  2/w  \ w / 


(11a) 


in  the  case  of  a wide  seal  (Figure  10(a)),  and 

1 2 

— — nu‘ 


max 


M - -r  pw‘ 
max  2 r 

we 

s 


(lib) 


in  the  case  of  a narrow  seal  (Figure  10(b)).  Substituting  for  M and 

Ul3  X 

V their  known  values  from  Equations  (9)  and  (10),  we  obtain  the  following 

max 

formula  for  computing  S 


max 


S___  - p£>  n 


(12) 


where 
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r 


a - 6nx  + 2n2  * - (*)*  (13a) 

In  the  case  of  a vide  seal,  and 

i u 2 u2 

n " Ini  ’ I <?>  1 (13b) 

in  the  case  of  a narrow  seal.  In  extreme  cases  Equation  (12)  will  give 

negative  values  of  S , implying  that  no  amount  of  external  pressure  can 

BAX 

produce  tension  in  the  seal. 

Brittle  materials,  such  as  ceramics,  obey  Hooke's  law  reasonably  well 
up  to  the  point  of  fracture.  Thus,  Equation  (12),  which  is  based  upon 
Hooke's  law,  may  be  assumed  to  be  valid  for  ceramic  lid  packages  as  long 
as  the  pressure  p is  less  then  the  lid  collapsing  pressure  Pu^t^mate 
cusssd  in  Section  VII. 

B.  Inelastic  Lid.-  Equation  (9)  is  based  on  Hooke's  law  and  it  there- 
fore predicts  a linear  relationship  between  M and  p,  which  is  represented 

max 

by  the  line  OBEA  in  Figure  11.  In  the  case  of  a brittle  material  lid  this 

line  may  be  considered  valid  for  all  pressures  up  to  the  point  of  fracture. 

If  the  lid  is  of  a ductile  metal,  however,  at  some  point,  represented  by 

B in  Figure  11,  the  pressure  will  become  high  enough  to  produce  plastic 

(i.e.,  Inelastic)  behavior.  The  lid  will  not  fracture,  but  the  graph  of 

M versus  p will  depart  from  the  straight  line,  and  M will  approach  the 

fully  plastic  bending  moment  m asymptotically  along  a curve  such  as  OBCD. 

© 

The  determination  of  this  curve  is  a difficult  problem  in  elasto-plastic 
plate  analysis.  We  shall  avoid  this  problem  by  simply  approximating  the 
curve  OBCD  by  the  two  straight-line  segments  OE  and  ED.  That  is.  Equation 
(9)  will  be  considered  valid  as  long  as  its  right  side,  n^pa2,  is  less 

than  m , and  Equation  (9)  will  be  replaced  by 

0 
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D 

e 


(14) 


M 


max 


if  n^pa2  equals  or  exceeds  m^.  Equation  (10)  is  also  based  on  Hooke's  law, 

and  its  validity  will  therefore  also  break  down  at  the  pressure  associated 

with  point  B of  Figure  11.  We  shall  ignore  this,  however,  and  continue  to 

use  Equation  (10)  for  all  pressures,  on  the  ground  that  V generally  plays 

max 

a smaller  role  than  Mmay  in  producing  stress  in  the  seal  and  we  therefore  do 
not  need  to  know  it  as  precisely.  Thus,  the  sole  effect  of  lid  plasticity 
in  our  considerations  will  be  to  replace  Equation  (9)  by  (14)  if  n^pa2 
equals  or  exceeds  m£;  that  is,  if 

P 1 mJnia2  - Pt  (15) 


We  shall  call  the  right  side  of  this  inequality  the  transition  pressure  and, 

as  indicated,  represent  it  by  the  symbol  p^.  It  is  the  pressure  associated 

with  point  E in  Figure  11.  The  corresponding  value  of  Smay  we  shall  call 

the  transition  stress  and  represent  itbyS  . S , ^ , 

r max^  max^  can  be  evaluated  by 

substituting  the  transition  pressure  pt  = mg/n^a2  for  p in  Equation  (12) , 

with  the  result 


S 

maxt 


m n/w2n, 
e 1 


(16) 


When  the  inequality  (15)  is  satisfied,  we  may  compute  Sma^  from  Equa- 
tions (11)  by  substituting  me  for  and  the  right  side  of  Equation  (10) 

for  V . The  result?  is 
max 


6m 

S - — + p(2n.  - - 1) 
max  2 2 w 

w * 


for  a wide  seal,  and 


(17) 
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(18) 


L 


■ w2 

s - — - p(-=r— ) 

max  w#e  r "a® 


for  a narrow  seal. 

Equations  (17)  and  (18)  show  that  now  the  worst  case  (l.e.,  the  largest 
positive  SMX)  does  not  necessarily  occur  at  the  highest  pressure.  This  is 
because  the  p term  in  Equation  (18)  is  always  negative  and  the  p term  in 


Equation  (17)  la  negative  if  2n„  — - 1 is  negative.  Thus , increasing  p can 

L W 


reduction  in  S .To  obtain  "worst-case"  formulas,  we  must  replace 
nmx 


p in  Equation  (18)  by  the  lowest  value  it  can  have  and  still  satisfy  condition 


(IS),  that  is,  by  the  transition  pressure  p^;  and  we  must  make  the  same 


replacement  in  Equation  (17)  if  2n^  ~ -1  is  negative.  Consequently,  given 
any  existing  pressure  p which  satisfies  (IS),  the  maximum  seal  tension 
produced  in  the  course  of  applying  that  pressure  (not  necessarily  the  seal 
tension  at  that  pressure)  is: 


S « the  larger  of 


6m 

— £ + 

P ( 

w2 

and 

6m 

m 

e + 

e 

w2 

nl* 

2 w 


(19a) 


2 w 


for  a wide  seal;  and 


max  WgC 


“e  w2 
* (-W 


• * 11  - s:  <!>  1 

1 a 8 1 


(19b) 


for  a narrow  seal.  Equations  (19)  can  give  negative  values  for  S , which 

hUIX 


means  that  the  given  pressure  has  produced  no  tension  in  the  seal.  Like 
Equation  (12),  they  are  limited  to  pressures  below  the  lid  collapsing  pres- 
sure p _ discussed  in  Section  VII. 

rultimate 
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C.  Summary  of  Formulas  for  S The  formulas  for  S developed  in 

max  , max 

Che  two  preceding  sections  are  suomarlzed  in  Table  1. 

D.  Application  to  Design.-  The  formulas  of  Table  1 can  be  of  use 
both  to  the  designer,  whose  objective  is  to  design  a package  that  will 
remain  hermetic  under  a specified  screening  pressure  p,  and  the  user,  whose 
objective  is  to  select  an  appropriate  screening  pressure  p that  will  worsen 
or  destroy  the  hermetlcity  of  packages  with  poor  quality  seals. 

Considering  the  first  designer,  let  us  suppose  that  he  knows  the 
sealing  material  to  be  used  and  has  a value  for  the  allowable  tensile  stress 
of  that  material.  Then  his  criterion  for  a satisfactory  lid-to-wall 
seal  design,  from  the  point  of  view  of  retaining  hermetlcity  under  a given 
external  screening  pressure  p,  should  be  that  Smax,  as  given  by  the  appro- 
priate box  of  Table  1,  be  less  than  That  is. 


S < S .. 
max  — all 


(20) 


In  selecting  the  designer  should  of  course  be  conservative.  If 

is  taken  as  the  median  tensile  strength  of  the  sealing  material,  then 
packages  designed  on  the  basis  of  the  equality  sign  in  Equation  (20)  will 
have  a failure  rate  of  approximately  50Z  even  if  properly  sealed.  (The 
failure  rate  will  be  still  higher  for  a mixture  of  properly  and  improperly 
sealed  packages.)  On  the  other  hand,  if  the  designer  selects  for  Saj^  the 
lowest  1-percentile  value  of  the  material  strength,  then  he  should  expect 
only  IX  failure  rate  for  properly  scaled  packages  designed  on  the  basis 
of  Equation  (20)  with  the  equality  sign.  The  designer  should  also  consider 
the  possibility  of  the  deposited  sealing  material  or  its  interfacial  com- 
pounds having  a different  tensile  strength  than  the  bulk  sealing  material. 
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There  is  one  special  precaution  to  be  observed  in  applying  Equation 
(20)  to  a stepped -wall  package  (Figure  2(b)).  In  such  a package  the  upper- 
most wall  segment  is  typically  a metal  seal  frame,  while  the  segment  below 
it  is  of  glass.  In  that  case,  the  critical  seal  could  be  the  glass-metal 
interface  (or  the  glass  itself)  at  the  underside  of  the  seal  frame,  rather 
than  the  metal-to-metal  bond  at  the  top  of  the  seal  frame.  Therefore,  the 
designer  should  be  sure  that  the  inequality  in  Equation  (20)  is  satisfied 
for  both  seals  - the  usually  wide  (but  possibly  narrow)  one  at  the  top  of 
the  aeal  frame,  with  based  on  the  tensile  strength  of  the  sealant 

there;  and  the  wide  seal  of  width  w at  the  underside  of  the  seal  frame,  with 
based  on  the  tensile  strength  of  the  glass. 

It  could  happen  that  the  designer  has  very  little  data  on  the  distri- 
bution of  tensile  strength  values  for  the  sealing  material,  or  even  on  the 
mean  strength,  but  he  does  know  that  a certain  previously  designed  similar 
package,  designated  as  I,  when  properly  sealed  with  the  same  material  had 
an  acceptable  failure  rate  F under  a screening  pressure  of  p^.  Then  in 
order  for  the  new  package,  designated  as  II,  to  have  a failure  rate  no 
greater  than  F when  properly  sealed  and  subjected  to  its  screening  pres- 
sure pTT,  he  should  so  design  package  II  that  its  S is  no  greater  than 
that  of  package  I.  Thus,  his  criterion  for  a satisfactory  design  of  pack- 
age II  should  be 


(S  ) 
max 


II 


(S  ) 
max  . 


(21) 


where  both  S 's  are  taken  from  Table  1,  but  not  necessarily  from  the 

max 

same  box  of  that  table. 
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E.  Application  to  Screening.-  Turning  now  to  the  user  of  an  already 
designed  package,  let  us  first  suppose  that  he  has  a minimum  acceptable 
value,  for  the  tensile  strength  of  the  seal,  and  he  wants  to  be 

sure  of  rejecting  all  packages  with  seal  strengths  less  than  that.  Then 
he  should  select  a screening  pressure  p such  that  the  S given  by  Table  1 

BAX 

is  equal  to  or  greater  than  S , or,  if  that  cannot  be  accomplished, 

accept 

a screening  pressure  p that  will  make  S as  large  as  possible. 

BAX 

In  the  case  of  a ductile  material  lid,  the  procedure  for  accomplish- 
ing this  depends  upon  whether  S is  less  than  or  greater  than  the 

accept 

transition  stress  S defined  by  Equation  (16).  If  S < S , 

nax^  J accept  max^ 

the  elastic  formula  (12)  applies.  Replacing  S in  this  formula  by 

Bax 

^accept’  411(1  solving  for  p,  we  obtain 


p - S 


2 -1 


accept 


[<e>  n] 


as  the  appropriate  screening  pressure.  On  the  other  hand,  if 

Saccept  > ^max  ’ E<luation8  (19)  apply.  Then  for  a wide  seal  with  2nj  ^ -1 
positive,  we  may  equate  the  top  expression  of  (19a)  to  Saccept  and  solve 
for  p to  obtain  the  following  formula  for  the  appropriate  screening  pres- 


accept 


In  the  case  of  a narrow  seal,  or  a wide  seal  with  2n^  ^ -1  negative,  it 

is  not  possible  to  achieve  S « S _ when  S „ > S , for  in 

max  accept  accept  max( 

those  cases  smax  ^s  aiso  the  largest  achievable  value  of  S . Then  we 
t max 

must  settle  for  a screening  pressure  that  will  give  S as  large  a value 

Bax 

as  possible;  since  that  value  is  , the  required  pressure  is 
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p ■ Pt  ■ me/«1a 


(24) 


In  the  case  of  a ceramic  lid,  linearly  elastic  behavior  will  be 
assumed  In  the  lid  up  to  fracture.  Thus,  Equation  (22)  may  be  used  in 
such  a case  as  long  as  the  screening  pressure  it  provides  Is  less  than  the 
lid  collapsing  pressure  Pultlmate  discussed  In  Section  VII. 

The  screening  pressure  formulas  developed  in  this  section  are  sum- 
marized in  Table  2.  The  pressures  therein  should  be  regarded  as  minimums. 
Larger  pressure,  applied  through  stepwise  increments,  can  be  used  as  long 
as  they  are  below  Pu^timate  an<*  do  not  cause  undesirably  large  lid  deflec- 
tions. The  effect  of  using  a pressure  that  is  higher  than  the  one  specified 
in  the  table  is  to  enlarge  the  portion  of  the  lid  periphery  in  which  the 

extreme-fiber  seal  stress  exceeds  S or  has  equalled  S . The  use 

accept  max^ 

of  larger  pressures  may  be  particularly  advisable  when  the  lid  is  ductile, 
in  view  of  the  fact  that  the  simplified  curve  OBED  of  Figure  11,  on  which 


the  tabulated  formulas  are  based,  tends  to  over-estimate  M 

max 


Table  2.-  Summary  of  Formulas  for  Appropriate  Screening  Pressure 


In  order  to  use  the  formulas  in  Table  2,  one  must  decide  on  a value  of 

the  minimum  acceptable  seal  strength,  S . It  is  conceivable  that  the 

accept 

screener  of  a package  will  not  have  enough  Information  about  the  sealing 

material  to  be  able  to  specify  a value  for  S . but  he  might  know  that 

accept 

in  the  past  a certain  pressure  p^  was  considered  suitable  for  screening  a 
certain  package,  designated  as  package  I,  that  employed  the  same  sealing 
material  as  the  package  now  under  consideration,  which  will  be  designated 
as  package  II.  Then  the  produced  in  package  I by  its  screening  pres- 

sure p^  should  be  an  acceptable  maximum  seal  stress  in  package  II.  Thus, 
the  follcwing  rule  can  be  used  to  arrive  at  a value  of  S for  package 


(S  1 ■ (S  ) produced  by  p_ 

accept  jj  max  j * J *1 


125) 


where  the  quantity  on  the  right  side  is  obtained  from  the  appropriate 
formula  of  Table  1. 


VII.  LID  COLLAPSING  PRESSURE 

It  is  Important,  in  both  screening  and  design,  to  be  able  to  esti- 
mate the  lid  collapsing  pressure  P^timate*  in  t*1*s  secti°n  formulas 
are  presented  to  facilitate  making  such  an  estimate.  In  presenting  these 
formulas  we  consider  separately  lids  of  a brittle  material,  such  as  cer- 
amic, and  lids  of  a ductile  material,  such  as  Kovar,  since  the  mechanism 
of  collapse  is  different  for  both  types. 

A.  Brittle-Material  Lids.-  For  a lid  made  of  perfectly  brittle 
material  it  could  be  assumed  that  fracture  will  occur  when  the  calculated 

maximum  tensile  stress  o in  the  lid  equals  the  ultimate  tensile 

max 

strength  a t of  the  material.  Ceramics  employed  for  microelectronic 
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packaging  may  not,  however,  be  perfectly  brittle  in  flexure.  This  is  evi- 


denced by  the  fact  that  quoted  values  of  the  bending  modulus  of  rupture 


(also  called  "flexural  strength")  of  such  ceramics  are  somewhat  highe..  than 


the  quoted  values  of  ot  (see  Reference  8 for  examples).  Therefore  it  may 


be  somewhat  more  realistic  to  take  the  following  as  a criterion  of  fracture 


or  collapse  of  supposedly  brittle-material  lids: 


o - a. 

max  b 


In  order  to  apply  this  criterion,  one  must  have  information  on  o as  a 
r ' ’ max 


function  of  the  applied  pressure  p.  Information  of  this  kind  is  presented 


in  Figure  12,  which  is  based  mainly  on  Reference  6 and  which  takes  into 


account  large-deflection  effects.  Figure  12  gives  ojnax  through  a dimension- 


less constant  n.,  related  to  o as  follows: 
7 max 


o - n,E  (±) 
max  7 a 


This  relationship  permits  the  collapse  criterion  (26)  for  brittle-material 


lids  to  be  written  as 


% ,a  2 
n7  " E ^ 


The  graphs  of  n^  (Figure  12)  require  some  discussion:  Although  data 
for  n^  are  available  for  K values  ranging  from  0 to  ® (arctan  K ranging 


from  0 to  ir/2)  , data  for  n^  are  available  only  for  the  limiting  cases  of 


simple  support  (K  ■ arctan  K - 0)  and  clamping  (K  - arctan  K ■ ir/2)  . 


Therefore  interpolation  between  a K * « graph  and  a K = 0 graph  of  Figure 


12  may  sometimes  be  needed  in  estimating  n^.  A linear  interpolation  based 


on  arctan  K,  though  non-rigorous,  should  be  sufficiently  accurate  for 
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practical  purposes;  for  most  large  flat-packs  the  assumption  K - <*>  would 
also  be  suitable.  A second  difficulty  associated  with  the  estimation  of  n^ 
derives  from  the  fact  that  the  large-deflection  behavior  of  a plate  is 
sensitive  to  whatever  restraint  the  plate  edges  are  under,  in  regard  to 
their  movement  in  the  plane  of  the  plate.  Graphs  (a)  and  (c)  of  Figure  12 
assume  that  such  restraint  is  negligible;  these  graphs  are  felt  to  be  appro- 
priate when  the  wall  stretching  stiffness  (e.g.,  E hw  in  the  case  of  a uni- 

w 

form  wall)  is  small  compared  to  the  lid  stretching  stiffness,  Eat.  Graphs 
(b)  and  (d) , on  the  other  hand,  assume  that  the  edges  are  free  to  curve 
inward  but  not  to  strain  along  their  length;  these  graphs  are  more  appro- 
priate for  cases  in  which  the  wall  stretching  stiffness  Is  large  compared  to 
the  lid  stretching  stiffness.  For  most  large  flat-packs  Figure  12(c)  should 
be  appropriate. 


Let  us  denote  by  Pu^t^mate  the  collapse  pressure  estimate  obtained 
through  the  use  of  Equation  (28)  in  conjunction  with  the  graphs  of  Figure  12. 


Because  of  the  above-discussed  difficulties  and  uncertainties  connected  with 


the  use  of  those  graphs,  there  will  always  be  some  question  as  to  the  reli- 


ability of  Pm1  Mmaf-p  as  a true  measure  of  the  collapse  pressure.  It  is 
therefore  recommended  that  a second  estimate,  Pp1 obtained  by 
assuming  o to  be  the  extreme-fiber  stress  at  the  edge  of  the  lid  in  the 
middle  of  the  long  side,  where,  through  Equation  (9)  and  Figure  7,  we  have 
fairly  accurate  information  about  the  bending  moment  as  a function  of  both 
p and  K in  the  small  deflection  rdgime.  Accordingly,  we  write 


6M  6n,pa2 

max  lr 


then  substitute  this  expression  into  Equation  (26)  and  solve  for  p,  to  obtain 
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m 


"ultimate,  ' ^ <!>'  <*» 

as  Che  second  eatlmaCe  of  collapse  pressure.  Because  it  is  based  on  a res- 
tricted search  for  a (a  search  restricted  to  the  middle  of  the  long  edge 

max 

of  the  lid) , Pu2timate  likely  to  be  an  upper  bound  to  the  true  collapse 
pressure.  Therefore,  it  is  advisable  to  select  the  smaller  of  Puj_t^nate 
and  38  the  governing  estimate  of  the  collapse  pressure  of  a 

brittle-material  lid. 

B.  Ductile-Material  Lids.-  Collapse  of  ductile  plates  under  lateral 
pressure  is  usually  assumed  to  occur  through  the  formation  of  plastic-hinge 
lines  (yield  lines).  An  approximate  analysis  of  a ductile  lid  on  this  basis 
(Appendix  B)  leads  to  the  following  collapse  pressure: 


^ultimate  n8 


2(m  +m) 
e 


where 


ng  = 4 + 3.2  | + 3.5  (^)  (32) 

and  m£  and  m are  respectively  the  edge  and  interior  fully  plastic  bending 

strengths  of  the  lid.  For  a constant-thickness  lid  (t  - t) , m and  m are 

e e 

equal.  To  facilitate  the  use  of  Equation  (31)  a graph  of  Equation  (32)  is 
plotted  in  Figure  13.  Equation  (31)  is  likely  to  be  conservative,  because 
the  strengthening  effect  of  membrane  action  was  not  considered  in  its 
derivation. 
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VIII.  LID  DEFLECTION 


The  maximum  deflection  5 of  the  lid  under  any  preasure  p will  occur 

max 

at  the  center  of  the  lid.  Both  the  designer  and  the  user  must  concern  them- 
selves with  this  deflection,  in  order  to  insure  that  during  any  screening  the 
lid  will  not  come  in  contact  with  the  contents  of  the  package.  In  this  sec- 
tion we  present  formulas  and  graphs  for  estimating  6 . We  consider  sepa- 

rately the  brittle-material  and  ductile-meter ial  lids.  In  the  first  case, 
plasticity  (departure  from  Hooke's  law)  will  play  a negligible  role;  in  the 
second  case  it  will  play  a significant  role. 

A.  Brittle-Material  Lids.-  An  analysis  based  on  the  small-deflection 
theory  of  elastic  plates  is  carried  out  in  Appendix  A of  Reference  2a  and 
leads  to  the  following  result: 


6max  " n4  *JT  " 12(1  "v2)  E 


03) 


where  n^  is  the  function  of  K and  b/a  plotted  in  Figure  14.  With  v taken 
as  0.3,  this  formula  reduces  to 


6 

max 


10.92  | 

b 


3 

an. 

4 


(34) 


It  is  well  known,  however,  that  small-deflection  theory  tends  to  over- 
estimate the  deflection.  Figure  15  therefore  presents  curves  from  which  a 
correction  factor  n^,  based  on  large-deflection  theory,  can  be  estimated. 
(The  graphs  of  Figure  15  are  for  the  same  four  boundary  conditions  as  those 
of  Figure  12,  and  the  earlier  discussion  of  those  boundary  conditions  is 
pertinent  here  as  well.)  With  this  correction  factor  included,  the  above 
formulas  now  read 
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(35) 


* iW-*2)  f '*>‘■"("5  ; 10-92  I <f>’"V>5 

This  equation  can  be  considered  valid  for  brittle-material  lids  at  all 
pressures  up  to  the  lid-collapsing  pressure  Puitimate* 

B.  Ductile-Material  Lids.-  For  lids  of  a ductile  material,  like  Kovar , 
Equation  (35)  will  apply  in  the  initial  stages  of  pressure  application. 

When  the  pressure  becomes  high  enough,  however,  Hooke's  law  breaks  down 
because  of  the  initiation  of  plastic  flow  in  the  material.  As  the  pressure 
is  increased  beyond  this  point,  the  regions  of  plastic  deformation  are  en- 
larged and  Equation  (35)  becomes  increasingly  in  error  on  the  low  side. 
Finally,  the  collapse  pressure  Puitjmate  reached,  at  which  the  lid 
deflections  increase  virtually  without  limit. 

The  precise  determination  of  lid  deflections  in  a ductile  lid  beyond 
the  range  of  validity  of  Hooke's  law  is  a difficult  computational  task 
which  will  not  be  attempted  here.  Instead,  a simplified  model  of  the  lid's 
behavior  will  be  proposed  which  will  lead  to  an  approximate  estimate  of  the 
central  deflection  with  very  little  computational  effort. 

The  proposed  model  breaks  the  entire  load-central  deflection  history 
into  three  regimes  which  are  represented  by  the  curve  segments  OA,  AB  and 
BC  of  Figure  16.  The  first  segment,  OA,  corresponds  to  linearly  elastic 
material  behavior  and  it  is  the  initial  portion  of  the  load-deflection 
curve  OG  defined  by  Equation  (35).  The  second  segment,  AB,  is  part  of  the 
curve  DE,  which  is  the  pressure-versus- deflection  curve  of  a simply  sup- 
ported linearly  elastic  plate  subjected  to  increasing  pressure  p in  con- 
junction with  a constant  and  uniform  restraining  moment  of  mg  per  unit 
width  along  its  periphery.  And  the  third  segment,  BE,  represents  the 
Indeterminate  deflections  occurring  under  the  collapse  pressure 
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Thus,  Che  model  assumes  an  abrupt  transition  at  A from  a truly  elastic 
behavior  (OA)  to  a regime  Afi  In  which  the  fully  plastic  bending  moment  is 
developed  all  around  the  boundary  while  the  interior  of  the  lid  still 
behaves  elastically,  then  another  abrupt  transition  at  B to  a regime  BC  of 
fully  developed  interior  as  well  as  exterior  yield  lines  creating  a collapse 
mechanism.  In  actuality,  gradual  transitions  occur  from  one  regime  to  the 
next,  as  suggested  by  the  dashed  curve,  but  such  transitions  are  not  Included 
in  the  present  model. 

In  order  to  make  use  of  the  proposed  model,  one  must  have  an  equation 
for  the  middle  portion,  AB,  of  the  graph  of  pressure  versus  deflection.  On 
the  basis  of  linear  elastic  small-deflection  plate  theory  (Figure  14  of  the 
present  paper  and  pp.  162-165  of  Reference  4),  the  following  equation  can 
be  derived  for  the  line  DE  of  which  AB  is  a part: 

2 

I ci>3<*"4<°>  - -T-  “9  (36) 

where  n^(0)  is  the  value  of  n^  from  Figure  14  for  K«0,  and  n^  is  the  fol- 
lowing functions  of  b/a: 


4 j iiSfelZa  [i_.ech  (BLkjj  (37) 

9 ir3  m-1,3,5..  m3  2 a 

The  first  term  on  the  right  side  of  Equation  (36)  is  the  central  deflection 
of  a simply  supported  plate  under  a pressure  p,  and  the  second  term  is  the 
diminution  of  that  deflection  due  to  the  fully  plastic  restraining  moment 
m^  along  the  boundary.  Making  use  of  Equation  (1)  we  may  rewrite  Equation 
(36)  as 


6 

max 


12(l-v2)a  2 
Et3 


tpa2n4(0)  - m#n9] 


(38) 


and  ve  note  that  for  v-0.3,  12(l-v2)  equals  10.92.  To  further  facilitate 
the  use  of  Equation  (38),  graphs  of  n^(0)  and  are  given  In  Figures  17 
and  18,  respectively. 

On  the  basis  of  the  above  discussion,  we  can  now  give  the  following 
rule  for  estimating  the  central  deflection  S of  a ductile-material  lid: 


6 , where  6 

max.  max. 


is  the  larger  of  6 

max  ° max. 


For  p < p , . ,6 

— ^ultimate  i 

is  the  deflection  computed-1 
is  the  de- 


2 —a. 

from  Equation  (33)  or  (34)  and  6 


max  o 


flection  computed  from  Equation  (38).  For 

*>Pultimate’  6max  18  arbitrarily  large. 


(39) 


IX.  FLAT-PACKS  IN  A CENTRIFUGE 

As  part  of  the  total  screening  process,  packages  are  frequently  spun 
in  a centrifuge  in  such  a way  that  the  centrifugal  force  tends  to  push 
the  lid  into  the  cavity.  As  far  as  the  lid  alone  is  concerned,  this 
centrifugal  force  is  equivalent  to  a lateral  pressure  of  Gtd,  where 


d • specific  weight  (weight  per  unit  volume)  of  the 
lid  material 

t - thickness  of  lid 

G ■ centripetal  acceleration  in  units  of  g (acceleration 
of  gravity) 


If  t is  in  inches  and  d in  lbs  per  cubic  inch,  the  formula 


pequlvaleAt  " Gtd 

will  give  the  effective  pressure  in  psi  due  to  a centrifuge  acceleration 
of  G g's.  Alternatively,  given  any  pressure  p,  we  have  from  Equation  (40) 
the  following  formula  for  the  number  of  g's  of  centrifuge  acceleration 
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equivalent  to  that  pressure: 


equivalent 


JL 

td 


(41) 


As  an  example  of  the  use  of  this  formula,  let  us  consider  a lid  of  .030  In. 
thickness  and  .302  lb/in.3  specific  weight  and  ask  how  many  g’s  of  centri- 
fuge acceleration  are  equivalent  to  a lateral  pressure  of  30  psi.  From 
Equation  (41)  we  obtain  the  following  answer: 


^equivalent  " (.030)(.302)  " ^’s)  (42) 

By  virtue  of  the  equivalence  relation  (40),  all  the  formulas  and 
graphs  of  the  preceding  sections  can  be  made  to  apply  to  a package  in  a 
centrifuge  simply  by  replacing  the  symbol  p everywhere  by  Gtd.  In  this 
way,  for  example,  the  following  formula  is  obtained  from  Equation  (35) 
for  the  central  deflection  of  a linearly  elastic  lid  of  a package  in  a 
centrifuge: 


10.92 


Gtd 


<!> 


« n. 


(43) 


where  n^  is  to  be  obtained  from  the  graphs  of  Figure  15  with  the  abscissa 
labels  therein  changed  to  GtdaVEt4.  Similarly,  Equation  (12)  gives  the 
following  formula  for  the  maximum  tensile  stress  in  the  seal  when  Gtd<p^: 


(44) 


It  should  be  noted,  however,  that  the  interaction  among  the  base,  the 
*nd  the  lid  is  slightly  different  for  a package  in  a centrifuge 
than  for  the  same  package  under  hydrostatic  pressure.  Therefore  the  values 
of  a to  be  used  in  Equations  (8)  for  evaluating  K are  no  longer  strictly  as 
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given  by  Equations  (7).  The  appropriate  values  of  a depend  on  the  manner 
in  which  the  package  la  supported  in  the  centrifuge. 

Two  possible  types  of  support  are  illustrated  in  Figure  19.  In  the 
first.  Figure  19(a),  the  package  is  supported  only  along  its  edges.  The 
lid  and  the  base  then  deflect  in  the  same  direction  (rather  than  in  oppo- 
site directions,  as  they  would  under  .hydrostatic  pressure).  If  the  base 
and  lid  are  Identical  the  bending  moment  intensity  acting  upon  the 
bottom  of  the  wall  will  equal  the  bending  moment  intensity  N acting  upon 
the  top  of  the  wall,  and  both  bending  moments  will  have  the  same  sense. 

If  the  base  and  lid  are  not  Identical,  the  equality  of  and  M does  not 
hold;  instead  a reasonable  assumption  is 


where 


g = — of  base 
mass  of  lid 


and  the  base,  like  the  lid,  is  considered  to  end  where  it  meets  the  walls. 
Analyzing  the  wall  as  a wide  beam  under  bending  moments  per  unit  width  of 
M at  the  top  and  ■ M6  at  the  bottom,  both  having  the  same  se>  ie,  we 
arrive  at  the  following  formulas  to  replace  (7a)  and  (7b),  respectively: 


(47a) 


(6h3/Dw) 


/h3-h  3 h 3-h23  »»23  \ 


(47b) 
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The  replacement  for  Equation  (7c)  can  be  written  by  noting  the  pattern  of 
the  terms  within  parentheses  in  the  denominator  of  Equation  (47b)  and  exten- 
ding it  to  n segments. 

A more  likely  support  condition  is  that  illustrated  in  Figure  19(b). 
There  the  base  is  firmly  bonded  to  a flat  surface,  producing  an  essentially 
clamped  condition  for  the  bottoms  of  the  walls.  The  following  formulas 
should  then  be  used  in  place  of  (7a)  and  (7b),  respectively: 

a - 4 (48.) 

a " Same  expression  as  (47b) , but 
with  8 defined  by  Equation  (49) 

below,  instead  of  Equation  (46).  (48b) 


Equation  (48b)  reduces  to  (48a),  as  it  should, .when  D2  ■ Dj  - D^.  To  ob- 
*•1°  * replacement  for  Equation  (7c)  we  generalize  Equations  (48b)  and 
(49)  to  an  n-segmented  wall  by  noting  the  pattern  of  each  parenthetical 
grouping  of  terms. 

Equations  (47)  and  (48)  will  generally  lead  to  larger  a's  (stlffer 
walls)  than  those  obtained  under  external  pressure.  Therefore,  if  the  lid 
is  already  close  to  being  clamped  under  external  pressure  (arctan  K close 
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Co  w/2),  chore  is  no  need  Co  bocher  with  che  above  refinements  in  the  a 
calculation  when  going  Co  a centrifuge  environment. 

X.  NUMERICAL  EXAMPLES 

Here  ve  pose  and  solve  a number  of  problems  in  order  to  demonstrate 
how  che  formulas  and  graphs  of  the  preceding  sections  can  be  used. 

Example  1.-  A wide-seal  uniform-wall  constant-thickness-lid  Kovar 
package  of  Che  type  shown  in  Figure  1 has  the  following  dimensions  (in 
Inches) ; 


a-b-.92  t-te-.015  h-.125  w-,040 

and  the  following  material  properties: 

E - E - 20*106  psi  v - v - .3  o - 50  ksi  o.  - 107  ksi 

w y o 

%r^*h  to  find  Che  maximum  tensile  stress  S in  the  seal  and  the  central 

BAX 

deflection  ^ of  the  lid  due  to  an  external  screening  pressure  p of  30  psi 
alao  the  pressure  Pultlmate  required  to  collapse  the  lid. 

first  determine  all  the  constants  that  will  be  needed  to  solve  this 
problem.  In  accordance  with  Equation  (7a)  we  take  a to  be  2,  after  which 
Equation  (8b)  and  Figure  5 give 

* " T*  atlC:?!?)32  " 113  *rct“  K " 1-56 

(The  closeness  of  arctan  K to  m/2  Indicates  that  in  effect  the  walls  are 
clamping  the  edges  of  the  lid.)  Entering  Figures  7,  8,  13,  14,  17  and  18 
with  b/a  ■ 1 and  arctan  K ■ 1.56,  we  obtain 


■ .051  Oj  ■ .443  r\g  ■ 10.7  ■ .00125 


n4(0)  - .00406  n9  - .0737 


Also,  for  p - 30  psl,  we  have 


. _*l /j»_y . 21.! 

Et“  20x106\.015/ 


Since  the  wall  cross-sectional  area  (wh)  is  only  around  one-third  of  the 
lid  cross-sectional  area  (ta)  and  arctan  K is  very  close  to  ir/2,  we  shall 
use  part  (c)  of  Figure  15  to  find 


n5  - .981 


Equation  (13a)  gives 


n - 6( .051)  + 2(.443)f||) 


04  2 
v.92; 


.343 


Finally,  from  Equation  (2), 


m - m - (107,000) (.015)2/6  - 4.0125  in. -lb/in. 


whence  (Eq.  (15)) 


4.0125 


t 2 

V 


(.051) (.92)2 


93  psi 


and  the  right  sides  of  Equations  (35)  and  (38)  are,  respectively, 

30  Q2  3 

6 _ - 10.92  ( ~ — ) (^tt)  (.92)  (.00125)  (.981)  - .0043  in. 


max. 


k c/x  015' 
20*106 
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i $ 


[30(.92)2(. 00406)  - (4.0125) (.0737)] 


. . (10.92) ( ,92)2 

mX2  (20*106)(.015)3 


- .1369  1.1031  - .2957]  - -.026  In. 


now  have  all  the  conatants  needed  to  determine  the  quantities  ve 
are  looking  for.  We  start  with  S . Since  Kovar  is  ductile  and  the 

BAX 

screening  pressure  p(»  30  psi)  is  less  than  the  transition  pressure 
Pt  (“  93  psi),  the  upper  left  hand  box  of  Table  1 applies.  It  gives 

SM,  - 30(-j||)2(.343)  - 5443  psi 


as  the  maximum  tensile  stress  in  the  seal.  This  would  be  a safe  stress  if 

the  solder  were  one  of  the  higher  strength  types,  such  as  a gold-tin  alloy 

but  it  would  be  only  marginally  safe  if  the  solder  were  a lead-tin  alloy. 

To  determine  the  central  deflection  of  the  lid  we  make  use  of  rule 

(39)  which  states  that  6 is  the  larger  of  6 and  <5  . Thus 

max  ° max.  max. 


.0043  in. 


This  is  29X  of  the  lid  thickness  but  only  3X  of  the  cavity  depth.  The  fact 

that  6 governed  indicates  than  the  lid  is  still  in  the  linearly  elastic 

mUX  1 

region  QA  of  the  simplified  pressure-deflection  curve  of  Figure  16. 

The  collapse  pressure  is  given  by  Equation  (31)  as 


^ultimate 


(10  7)  2(4.0125  + 4.0125) 
(.92)2 


203  psi 


which  is  well  above  the  screening  pressure  of  30  psi. 

Example  2.-  Suppose  that  30  psi  is  considered  a satisfactory  screening 
pressure  for  the  package  of  Example  1 (to  be  referred  to  as  package  I). 


What  screening  pressure  would  be  appropriate  for  a second  package  (package 
II)  Identical  in  all  respects  to  package  I except  for  the  dimension  b,  which 
has  been  increased  to  1.92  in.? 

For  package  II  we  still  have  arctan  K - 1.56,  but 


b 1.92 
a “ .92 


2.1 


£ = .48 

D 


Figures  7 and  8 now  give 


nx  - .083  n2  = .513 


and  from  Equation  (13a)  we  obtain  the  following  value  of  n for  package  II: 


n - 6(  .083)  + 2(.513)(-j||)  - (-y||)2  = .541 


Then,  from  Equation  (16) , 


max. 


(4.0125) ( .541)  . 16346  ^ 


(.083) (.040) 2 


In  accordance  with  the  discussion  preceding  Equation  (25) , a suitable 
screening  pressure  for  package  II  is  one  that  will  produce  the  same  S 


max 


in  its  seal  as  30  psi  produced  in  the  seal  of  package  I,  namely  5443  psi. 


Thus,  in  the  formulas  of  Table  2 we  may  take  S to  be  5443  psi.  Since 

accept 


this  is  smaller  than  S , the  leftmost  formula  of  Table  2 applies.  It 

max  rr 


gives  the  following  appropriate  screening  pressure  for  package  II: 


5443 


(*5A1) 


19  psi 


Example  3.-  Let  us  repeat  Example  1,  assuming  now  that  the  seal  is  a 
solderless  electrically  welded  seal  of  the  narrow  type  (Figure  3(b)  with 
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w ■ .010  in.,  and  that  the  edge  of  the  lid  is  thinned  to  a thickness  of 
s 

t • .004  in.  while  the  main  thickness  t remains  .015  in. 
e 

The  calculations  of  Example  1 up  to,  but  not  including,  the  evaluation 

of  n are  valid  here.  Since  the  seal  is  now  of  the  narrow  type.  Equation  (13b) 

must  be  used  for  determining  n.  With  w » .010  in.,  we  have  e * .035  in., 

8 

and  Equation  (13b)  then  gives 


n 


. 1 ,.04  2, 

1.051  - 2 l 92;  J ( #035) ( .010) 


( .04) ‘ 


.229 


Furthermore,  while  the  fully  plastic  bending  strength  m in  the  main  part  of 
the  lid  remains  4.0125  in. -lb/in.,  in  the  thinned  edge  it  goes  down  to 


mg  - (107, 000) (.004)2/6  - 0.2853  in. -lb/in. 


according  to  Equations  (2) , whence 
me  0.2853 


V 


2 (.051) (.92)2 


6.6  psi 


The  right  side  of  Equation  (33)  remains  at  the  value  6 “ .0043  in.,  but 

niciX^ 

the  new  mg  value  changes  the  right  side  of  Equation  (38),  so  that  now 


6 - (10.92) ( .92) 2 [30( .92)2( .00406)-( .2853) ( .0737) ] - .0112  in. 

“x2  (20xl06)(.015)3 


Proceeding  as  in  Example  1,  we  note  that  the  screening  pressure 
p (■  30  psi)  is  now  g eater  than  p^  (■  6.6  psi)  and  that  the  seal  is  now  a 
narrow  one.  Therefore  the  bottom  right  box  of  Table  1 applies,  giving 


.2853 


max  (.01) (.035) 


[1  - 


2( .051) 


(^L)2] 

' .92'  1 


800  psi 
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as  the  maximum  seal  stress  produced  in  the  course  of  applying  p.  Since  the 
seal  material  in  this  case  is  Kovar  with  an  ultimate  tensile  strength  on  the 
order  of  75,000  psl,  the  800  psi  maximum  seal  stress  can  be  considered  harm- 
less to  the  integrity  of  the  seal.  From  the  absence  of  p in  the  formula  for 

S , it  can  also  be  concluded  that  S would  be  the  same  for  all  screening 
max  max 

pressures  greater  than  the  transition  pressure  p^  » 6.6  psi.  The  effect  of 
using  screening  pressures  greater  than  6.6  psi  is  simply  to  spread  the 
length  of  seal  periphery  over  which  the  of  800  psi  is  developed. 

Turning  to  the  deflections  and  again  using  rule  (39),  we  obtain 


6 - 6 
max  max^ 


.0112  in. 


This  is  2.6  times  larger  than  the  6 ^ produced  by  the  same  screening  pres- 
sure in  the  lid  of  Example  1,  but  still  only  a small  percentage  (9X)  of  the 
total  cavity  depth. 

Finally,  from  Equation  (31)  we  estimate  the  collapse  pressure  to  be 


P 


ultimate 


(10.7)  2(-2853  + 4.0125) 
(.92)2 


109  psi 


which  is  approximately  half  that  of  the  lid  of  Example  1. 

The  present  example  serves  to  show  that  a thinned  edge  and  lid  plas- 
ticity can  combine  to  provide  a barrier  against  severe  stressing  of  the  seal 
under  external  pressure,  but  at  the  same  time  tend  to  increase  the  lid 
central  deflection  and  reduce  the  lid  collapsing  pressure. 

Example  4.-  Assume  that  the  package  of  Example  1 has  its  base  changed 
from  Kovar  to  ceramic  with  a thickness  of  .025  in.,  a modulus  of  elas- 
ticity of  50xl06  psi,  and  a flexural  strength  of  65  ksi.  What  external 
pressure  Puj_tj_mate  cause  the  base  to  crack? 
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He  shall  imagine  the  package  turned  upside  down,  so  that  the  base 


becomes  in  effect  a lid  with 


t ■ .025  in.  E ■ 50*106  psi  o ■ 65  ksi 


and,  in  accordance  with  the  discussion  in  Section  VII.  A , we  shall  make  two 
estimates  of  one  based  on  Equation  (28),  the  other  on  Equation 

(30) , and  select  the  smaller  of  the  two. 

He  start  with  Equation  (28),  which  gives 


65x103,92  v2 

7 50xl06\.025/  " 1,76 


as  the  values  of  n^  required  to  cause  fracture.  The  extensional  stiff- 
ness Eat  of  the  ceramic  base  is  much  higher  than  the  corresponding  stiff- 
ness E^hw  of  the  wall.  Therefore  parts  (a)  and  (c)  of  Figure  12  are  the 
ones  that  apply.  Assuming  that  the  walls  essentially  clamp  the  edges  of 
the  base*  (as  they  do  the  lid),  we  narrow  the  choice  further  to  part  (c) 
alone.  It  gives  the  following  as  the  value  of  pa4/Et4  needed  to  achieve 
an  n^  of  1.76  with  a b/a  of  1.0: 


- 5.6 
Et4 

whence  the  pressure  required  to  crack  the  base  is 

p - 5.6  Et4  . (5._6).C5Pll06IU)25l4  . 153  psi 

ultimate^  (.92)4 

Proceeding  now  on  the  basis  of  Equation  (30),  we  first  compute  (Eq.  (8b)) 

*This  assumption  will  be  Justified  presently  when  arctan  K is  com- 
puted and  found  to  be  quite  close  to  n/2. 


K 


A ‘92  50  , .040. 1 

n2  .125  20  \015' 


2-61 


•rctan  K - 1.554 


Then  from  Figure  7,  n^  - .05.  Therefore  Equation  (30)  gives 


65,000  . .025. 2 

Pultlmate2  " 6(.05)  \92  ’ 


160  psi 


as  the  second  estimate.  This  is  slightly  higher  than  the  previous  estimate 
and  is  therefore  not  the  governing  one.  We  are  left  with 


^ultimate  ^ultimate^  ps* 

as  the  best  estimate  of  the  pressure  required  to  fracture  the  ceramic  base. 

Example  5.-  Suppose  the  package  of  Example  4 to  be  placed  in  a 
centrifuge  in  such  a way  that  the  centrifugal  force  tends  to  push  the 
ceramic  base  into  the  cavity.  Taking  the  specific  gravity  of  the  ceramic 
to  be  3.85,  determine  how  many  g’s  of  centrifuge  acceleration  are  required 
to  crack  the  base. 

We  first  convert  the  specific  gravity  of  3.85  to  a specific  weight, 
d,  by  multiplying  it  by  the  specific  weight  of  water,  which  is  .0361  lbs/ln?. 
The  result  is 

d - .139  lbs/in? 


The  pressure  required  to  crack  the  base  is  153  psi,  from  Example  4.  The 
equivalence  relation  (41)  therefore  gives 


G 


153  lb /in? 

(.025  in. ) ( . 139  lb/in?) 


44,000  g's 
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of  centrifuge  acceleration  required  to  crack  the  base.  In  this  calculation, 
alnce  the  base  la  already  close  to  being  clamped  at  Its  edges,  we  have 
Ignored  the  fact  that  of  a may  be  different  (higher)  for  centrifuge  loading 
than  for  external  pressure  (see  the  discussion  of  this  point  In  Section  IX) . 

Example  6.-  A stepped-wall  vide-seal  package  with  a constant-thickness 
Kovar  lid  has  the  following  dimensions  (in  Inches) : 


.365 

b - .670 

t 

- tm  - .025 

.082 

hx  - .060 

h2 

- .025 

.040 

Wj^  - .049 

*2 

- .071 

and  the  following  mechanical  properties : 

B - \ - 20xl06  pel  (Kovar)  Ex  " E2  “ 8'6xl°6  P®1  (gl*®«> 
v - vw  - 0.3  - v2  - 0.2 

" 107,000  pal  for  the  Kovar  lid 

Determine  the  maxiamm  tensile  stress  S]sax  produced  In  the  seal  by  a 
screening  pressure  p of  100  psl. 

From  Equations  (1)  and  (4)  ve  have 


n (20x10s) (.025) 3 
" “ 12 (.91) 


28.6  inrlb 


n (20*10s) ( .040) 3 
v 12(.91) 


117.5  inrlb 


_ (8.6x10s) (.049) 3 

°1  12 (.96) 


87.9  inrlb 


_ (8.6x10s) (.071) 3 

°2  12 (.96) 


267  Inrlb 


Then  Equation  (7b)  gives 


whence  (Equation  (8)  and  Figure  5) 

K - -j|||  <1-82)  - 11.1  and  arctan  K - 1.48 


From  the  given  dimensions  we  have 


a .365 
b .670 


.545 


b 

a 


1.83 


Entering  these  values,  together  with  arctan  K ■ 1.48,  into  Figures  7 and  8, 
we  find 


n1  - .074 


n2  - .515 


From  Equation  (2),  m - me  - (107 ,000) ( .025)2/6  - 11.146  psi,  whence 

t 


11.146 


- 1131  psi 


C nxa2  ( .074) ( . 365)2 

Since  this  is  greater  than  the  screening  pressure  of  100  psi,  the  upper 
left  hand  box  of  Table  1 applies,  giving 
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r 


n - 6(  .074)  + 2(.515)(-|3||)  - (-^||)2  - -545 

and 

36  S 2 

Saax  - (100)  (-^g)  (.545)  - 4540  psi 


XI.  EXPERIMENTAL  CONFIRMATION 

A.  General  Consider  at 1 on9 . - The  three  hypotheses  listed  in  Section  IV 
form  the  basis  of  that  portion  of  the  present  work  dealing  with  hermeticity 
failure.  The  first  hypothesis  reduces  the  lid  to  a uniformly  loaded 
elastic  rectangular  plate  with  edges  elastically  restrained  against  rota- 
tion. It,  together  with  certain  assumptions  regarding  the  distribution  of 
stress  across  the  width  of  the  seal,  leads  to  Equation  (12)  as  the  rela- 
tionship between  the  external  pressure  p and  the  maximum  tensile  stress 

S in  the  seal  for  ductile  lids  under  pressures  less  than  the  transition 

max 

pressure  p£.  The  second  and  third  hypotheses  imply  that  loss  of  herme- 
ticity in  such  cases  occurs  when  S reaches  the  ultimate  tensile  strength 

max 

of  the  seal  material.  Taken  together  with  Equation  (12),  they  permit 
the  following  seal  strength  S to  be  inferred  from  the  critical  pressure 
Pcr  at  which  loss  of  hermeticity  is  first  observed  to  occur,  provided  that 
Pcr  is  less  than  pfc: 

S , ■ p (— ) n 

ult  *cr  w 

This  can  be  rewritten  as 


2 -1 


P " S [ (— ) n ] 

*cr  ult  w 


(50) 


Thus,  for  ductile  lids  losing  hermeticity  at  pressures  pcf  that  are  less 
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Chan  pt>  the  present  hypotheses  lead  to  a straight-line  relationship  between 

2 1 

Pcr  and  the  package  parameter  [(a/w)  n]  , with  the  straight  line  passing 

through  the  origin  and  having  a slope  equal  to  the  ultimate  tensile  strength 

Su^c  of  the  seal  material  (see  Figure  20) . 

The  validity  of  Equation  (50) , and  therefore  of  the  hypotheses  on  which 

it  is  based,  can  be  tested  by  means  of  a fairly  simple  experimental  program. 

The  program  would  require  ductile-lldded  flat-packs  of  various  sizes  and 

shapes,  all  carefully  and  uniformly  sealed  with  the  same  material.  With 

2 -1 

the  aid  of  Equations  (13)  and  (15)  the  values  of  [(a/w)  n]  and  p(  would 

be  determined  for  each  package.  Each  package  would  also  be  subjected  to 

an  external  pressure  that  is  increased  in  small  steps.  The  package  would 

be  leak-tested  after  each  step,  and  the  pressure  pcf  at  which  it  first 

loses  hermetlcity  would  be  noted.  Thus,  for  each  package  whose  p turned 

2 -1 

out  to  be  less  than  pt»  the  pcf  could  be  plotted  against  [(a/w)  nj  . If 
the  plotted  points  all  fell  on  a single  straight  line  through  the  origin, 
as  in  Figure  21(a),  that  would  imply  perfect  validation  of  the  theory 
(Equation  (50)),  and  the  slope  of  the  line  would  give  the  effective  ulti- 
mate tensile  strength  of  the  seal  material. 

Of  course,  such  perfect  agreement  between  theory  and  experiment  is 
not  to  be  expected,  partly  because  of  undoubted  shortcomings  in  the 
theory  and  partly  because  of  unavoidable  variations  in  sealing  quality 
among  the  packages.  This  variability  in  sealing  quality  produces,  in 
effect,  a spectrum  of  values  instead  of  a single  one  and  would  cause 

the  test  data  to  fall  in  a wedge-shaped  band,  as  in  Figure  21(b),  with  the 
angle  of  the  wedge  depending  on  the  range  of  effective  values  achieved 

in  the  seals.  If  the  tests  are  performed  using  several  groups  of  packages. 
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with  the  packages  nominally  identical  within  each  group  but  differing  from 
group  to  group,  the  test  data  should  fall  as  shown  in  Figure  21(c),  provided 
that  the  range  of  variation  of  seal  strengths  was  the  same  from  group  to 
group.  If  the  range  of  seal  strengths  differed  from  group  to  group  (as  it 
might  if  the  groups  were  of  different  size),  the  tops  and  bottoms  of  the 
vertical  bars  in  Figure  21(c)  would  not  lie  on  perfect  straight  lines 
through  the  origin.  In  that  case,  however,  the  mean  pcr  values  of  the 
various  groups,  being  less  sensitive  to  sample  size  than  the  range  of  pcj_ 
values,  should  still  lie  reasonably  close  to  a single  straight  line.  When 
the  sample  sizes  in  the  various  groups  are  different,  a reduced  range  of 
Pcr  values,  covering  one  standard  deviation  above  and  below  the  mean  pcr 
value,  would  be  preferable  to  total  range  as  a plotting  parameter,  because 
the  standard  deviation  of  the  values  within  any  group  of  packages 

should  also  be  less  sensitive  to  sample  size  than  the  range  of  values. 

A hypothetical  plot  of  test  data  using  such  a reduced  range  is  shown  in 
Figure  21(d). 

B,  Test  Program.-  Data  furnished  to  the  author  by  a package  manu- 
facturer constitutes,  in  effect,  a test  program  of  the  type  described 
above.  It  Involved  579  packages  distributed  among  eighteen  groups,  with 
the  packages  nominally  identical  within  each  group.  The  packages  had 
three-segment  stepped-type  walls,  at  in  Figure  2(b).  The  top  segment  was 
a Kovar  seal  frame;  the  two  lower  segments  were  glass  beads  sandwiching 
a lead  frame.  The  lids  were  Kovar  and  were  sealed  to  the  wall  by  means 
of  a gold-tin  solder  preform. 

Each  group  of  packages  was  placed  in  a pressure  bomb  and  subjected 
to  external  air  pressure  that  was  Increased  in  small  steps.  Each  new 
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pressure  was  held  for  approximately  10  minutes,  after  which  the  packages 
were  tested  for  gross  leaks  by  submerging  them  In  a heated  liquid  and 
watching  for  bubbles  emanating  from  the  interior  of  the  package.  The 

leakers  were  removed  from  the  group  and  the  rest  of  the  group  was  then  sub- 

jected to  the  next  higher  pressure. 

The  test  program  details  are  summarized  In  Table  3.  Table  3 starts  by 
giving  the  group  designations  (Al,  A2,  B,  C,  etc.)  and  the  number  of  pack- 
ages in  each  group.  Lines  3 through  16  of  the  table  then  give  the  dimen- 
sional and  material  characteristics  of  the  packages.  It  will  be  noted  that 
groups  Al  and  A2  are  nominally  identical,  as  are  groups  G1  and  G2.  Thus, 

the  results  obtained  from  these  two  pairs  of  groups  can  serve  to  give  some 

Indication  as  to  the  degree  of  Inherent  variability  resulting  from  the 
manufacturing,  assembly  and  testing  procedures.  Lines  17  through  27  repre- 


sent stages  in  the  calculations  leading  up  to  the  value  of  the  parameters 

l(a/w)2nj-1  and  p for  each  package  group,  assuming  that  p <p^,  so  that 
t cr  t 

Equation  (13a)  may  be  used  for  n.  Line  28  shows  the  pressure  Increment 
employed  in  the  leak  testing,  and  lines  29  to  33  give  the  main  statistical 
information  regarding  the  pcf  values  obtained  for  each  group  of  packages . 
The  detailed  failure  data  on  which  lines  29  to  33  are  based  are  contained 
in  Table  4.  In  Table  4,  p represents  the  pressure  in  psi  and  N the 
number  of  packages  losing  hermetlcity  at  that  pressure.  Entries  for  which 
N - 0 are  not  included  in  the  table. 

Lines  27  and  29  of  Table  3 and  the  detailed  pcf  data  of  Table  4, 
show  that;  except  for  the  strongest  seals  of  the  group  0 packages,  the 
Pcr  values  are  all  below  the  pt  values,  thus  justifying  the  above-mentioned 
use  of  Equation  (13a)  as  a basis  for  evaluating  n and  also  justifying  the 
type  of  data  analysis  proposed  in  part  A of  this  section. 
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Table  3.-  Teat  Progr 


C.  Results Line  25  of  Table  3 furnishes  abscissa  values  for  the 


types  of  plots  discussed  in  part  A;  ordinate  values  are  obtained  from  one 
or  more  of  the  last  five  lines  of  Table  3. 

The  most  significant  representation  of  the  results  is  that  given  in 
Figure  22,  where  the  mean  pcr  values  are  plotted  as  a function  of  [(a/w)2n]_1. 
Except  for  group  P the  mean  pcr  values  fall  reasonably  close  to  a line 
emanating  from  the  origin,  as  predicted  by  the  theory.  The  solid  straight 
line  is  the  best  fit,  in  least-squares  sense,  to  all  the  plotted  points, 
excluding  group  P.  Its  slope  leads  to  an  Inferred  ultimate  tensile  strength 
of  8450  psi,  which  is  considered  quite  reasonable  for  the  glass  beneath  the 
seal  frame.*  Although  there  is  some  scatter  of  the  test  data  relative  to  the 
straight  line,  it  is  not  considered  excessive  in  view  of  the  inherent  vari- 
ability, as  evidenced  by  the  different  mean  Pcr  values  for  the  nominally 
identical  packages  G1  and  G2. 

The  dashed  straight  lines  in  Figure  22  correspond  to  other  inferred 
values  for  the  tensile  strength  of  the  seal.  It  is  seen  that  the  stronger 
packages  have  an  inferred  seal  strength  of  approximately  10,200  psi,  which 
is  one  of  the  higher  values  quoted  to  the  author  for  the  tensile  strength 
of  the  glass.  The  lowest  dashed  line  shows  that  all  of  the  packages  achieved 
a mean  inferred  seal  strength  of  5000  psi  or  more.  Packages  P turned  out  to 
be  considerably  stronger  in  terms  of  their  mean  pcr  value,  than  the  theory 
would  Indicate.  There  is  no  explanation  for  this  discrepancy,  although  it 
may  be  significant  that  these  packages  are  the  most  oblong,  with  a b/a  ratio 

- 

The  quoted  strength  of  the  gold-tin  solder  at  the  top  of  the  seal 
frame  is  18,900  psi.  Therefore  the  glass,  with  quoted  strengths  of  10,200 
psi  and  less,  is  considered  to  be  the  weak  link  in  these  packages. 
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of  1.84.  It  Is  also  Interesting  that  the  inferred  seal  strength  for  the  P 
packages  is  16,300  psi,  which  is  not  far  from  the  18,900  psi  value  quoted  for 
the  gold-tin  solder  preform.  This  agreement  is  undoubtedly  coincidental, 
since  in  the  leak  testing  the  bubbles  were  observed  to  come  from  between  the 
eeal  frame  and  the  glass,  not  from  between  the  seal  frame  and  the  lid. 

In  Figure  23,  the  test  results  are  plotted  in  such  a way  as  to  show 
the  range  of  pcr  values  from  one  standard  deviation  above  the  mean  to  one 
standard  deviation  below  the  mean.  The  fact  that  the  heights  of  the  bars 
tend  to  Increase  as  the  abscissa  increases  is  considered  a partial  valida- 
tion of  the  theory,  since  the  theory  predicts  that  a given  range  of  seal 
strengths  will  lead  to  a range  of  pcr  proportional  to  [(a/w)2n]_1  (see  Equa- 
tion (50)). 

In  Figure  24,  the  entire  experimental  range  of  pcr  values  is  plotted 
foT  each  package.  The  heights  of  some  of  the  vertical  bars  (e.g.,  in  the 
case  of  the  G1  packages)  emphasize  once  again  the  degree  of  variability 
Inherent  in  the  p£r  values  of  nominally  identical  packages  and  tend  to 
support  the  author's  earlier  assertion  that  the  scatter  shown  in  Figure  22 
is  not  excessive.  The  dashed  lines  in  Figure  24  show  that  none  of  the  indi- 
vidual packages  had  an  inferred  seal  strength  less  than  3220  psi  or  greater 
than  18,000  psi. 

In  general  the  experimental  results  tend  to  confirm  the  theoretical 
hypotheses  related  to  loss  of  hermeticity. 

XII.  CONCLUSIONS 

Simple  formulas  have  been  presented  that  are  related  to  the  mechanical 
behavior  of  microelectronic  flat-packs  under  external  pressure  and  can 
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assist  in  the  design  of  such  packages  or  the  selection  of  suitable  screening 
pressures  for  testing  their  hermeticlty.  __ 

The  specific  Items  covered  by  the  formulas  are:  maximum  tensile 
stress  In  the  lld-to-wall  seal  (or  seal- frame-to-glass-bead  seal),  central 
deflection  of  the  lid,  pressure  required  to  crack  or  collapse  the  lid,  and 
the  equivalence  of  external  pressure  and  centrifuge  acceleration  Insofar  as 
lid  behavior  and  seal  stresses  are  concerned. 

Numerical  examples  have  been  presented  to  illustrate  the  use  of  the 
formulas,  and  experimental  data  have  been  presented  which  tend  to  confirm 
some  of  the  formulas  and  hypotheses  related  to  loss  of  hermeticlty  under 
external  pressure. 

From  the  numerical  examples  as  well  as  the  calculations  related  to 
the  test  specimens  it  appears  that  in  many  cases  a simplifying  assumption 
would  be  justifiable,  namely  the  assumption  that  the  edges  of  the  lid  are 
fully  clamped  by  the  walls  to  which  they  are  joined.  This  permits  one  to 
set  the  elastic  restraint  parameter  K equal  to  Infinity  (arctan  K ■ ir/2) , 

and  thus  avoid  the  sometimes  tedious  precise  evaluation  of  this  parameter. 


APPENDIX  A:  SYMBOLS 


* 

b 

d 

D 

D 

w 


D 


2 


e 


E 

E 


w 


E 

E 

g 

G 

G 


1 

2 


equivalent 


h 

h 

h 


1 

2 


width  of  lid  as  measured  inside  the  cavity,  in.  (a  <_  b) 
length  of  lid  as  measured  inside  the  cavity,  in.  (b  _>  a) 
specific  weight  of  lid  material,  lb/in? 

plate  flexural  stiffness  of  lid,  defined  by  Equation  (1),  inrlb 
plate  flexural  stiffness  of  wall  or  of  top  segment  of  step- 
type  wall,  defined  by  Equation  (3),  inrib 
plate  flexural  stiffness  of  second  segment  of  step-type  wall, 
defined  by  Equation  (4) , inrlb 
plate  flexural  stiffness  of  third  segment  of  step-type  wall, 
defined  by  Equation  (4),  inrlb 
distance  from  inner  edge  of  wall  top  to  middle  of  width  of 
narrow  seal,  in.  (Fig.  3(b)) 

Young's  modulus  of  lid  material,  psi 

Young's  modulus  of  wall  or  of  top  segment  of  step-type  wall, 
psi  (FiR.  2(b)) 

Young's  modulus  of  second  segment  of  step-type  wall,  psi  (Fig.  2(b)) 
Young's  modulus  of  third  segment  of  step-type  wall,  psi  (Fig.  2(b) 
acceleration  of  gravity,  32.2  ft/sec2,  386  in. /sec2 
centripetal  acceleration  in  units  of  g,  dimensionless 
centripetal  acceleration,  in  g's,  equivalent  to  a given 
pressure,  defined  by  Equation  (Al) , dimensionless 
height  of  wall,  measured  inside  cavity,  in.  (Fig.  2) 
height  to  top  of  second  segment  of  step-type  wall,  in.  (Fig.  2(b)) 
height  to  top  of  third  segment  of  step-type  wall,  in.  (Fig.  2(b)) 
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I 


K 


M 

M 

max 

«b 

n 


n4(0) 


wall  rotational  stiffness  defined  by  Equation  (5)  and  evaluated 
by  Equations  (7),  inrlb/ln. 
dimensionless  wall  stiffness  defined  by  Equations  (8) 
fully  plastic  bending  moments  of  lid,  evaluated  by  Equations 
(2),  in*- lb /in. 

local  bending  moment  per  unit  width  at  top  of  wall,  in-rlb/in. 
maximum  value  of  M,  occurring  at  middle  of  long  side,  lnxlb/in. 
local  bending  moment  per  unit  width  at  bottom  of  wall,  inxlb/in. 
number  of  segments  in  step-type  wall,  dimensionless;  also 

dimensionless  constant  defined  by  Equation  (12)  and  evaluated 
by  Equations  (13) 

dimensionless  constant  defined  by  Equation  (9)  and  evaluated 
by  Figure  7 

dimensionless  constant  defined  by  Equation  (10)  and  evaluated 
by  Figure  8 

dimensionless  constant  defined  by  Equations  (33)  and  (34)  and 
evaluated  by  Figure  14 
value  of  n^  for  K ■ 0;  plotted  in  Figure  17 
large-deflection  theory  correction  factor  to  n^,  defined  by 
Equation  (35)  and  evaluated  by  Figure  15,  dimensionless 
dimensionless  constant  defined  by  Equation  (27)  and  evaluated 
by  Figure  12 

dimensionless  constant  defined  by  Equation  (31)  and  evaluated 
by  Equation  (32)  or  Figure  13 

dimensionless  constant  defined  by  Equation  (37)  and  plotted 
in  Figure  18 


; 
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N 


number  of  packages  losing  hermeticity  at  a given  screening 


cr 


"II 


Equivalent 


^ultimate 

Eltimate^ 

^ultimate. 

A 

s 

accept 

s«n 
s 

i 

s 

i 

t 
t 


max 


v 

V. 


pressure,  dimensionless 
net  pressure  acting  inward  on  lid,  psi 
pressure  causing  loss  of  hermeticity,  psi 
screening  pressure  for  a previous  package,  psi 
screening  pressure  for  a new  package , psi 
effective  pressure  due  to  a centrifuge  acceleration, 
defined  by  Equation  (40) , psi 
"transition  pressure"  defined  by  Equation  (15) 
collapsing  pressure  for  lid,  psi 
collapsing  pressure  defined  by  Equation  (28) 

collapsing  pressure  defined  by  Equation  (30) 

minimum  acceptable  strength  of  seal  material,  psi 
allowable  tensile  stress  In  seal,  psi 
maximum  tensile  stress  in  seal,  psi 
"transition"  seal  stress  defined  by  Equation  (16) 

main  thickness  of  lid,  in. 
edge  thickness  of  lid,  in. 

effective  vertical  shear  intensity  at  edge  of  lid,  lb/in. 
maximum  value  of  V,  occurring  at  middle  of  long  side,  lb/in. 
thickness  of  wall  or  of  top  segment  of  wall,  in.  (Fig.  2) 
thickness  of  second  segment  of  step-type  wall,  in.  (Fig.  2(b)) 
thickness  of  third  segment  of  step-type  wall,  in.  (Fig.  2(b)) 
width  of  seal,  in.  (Fig.  3) 


GREEK: 


a dimensionless  proportionality  constant  defined  by  Equation  (6) 

and  evaluated  by  Equations  (7),  (47)  or  (48) 

8 constant  defined  by  Equation  (46)  and  evaluated  by  Equations 

(46)  or  (49) 

6 central  deflection  of  lid,  in. 

max 

6 central  deflection  defined  by  Equations  (33)  and  (34) 

max^ 

0 central  deflection  defined  by  Equation  (38) 
max2 

8 local  angle  of  rotation  of  top  of  wall,  radians 

p parameter  defined  in  Figure  25,  dimensionless 

v Poisson's  ratio  of  lid  material,  dimensionless 

Poisson's  ratio  of  wall  or  of  top  segment  of  step-type  wall, 
dimensionless  (Fig.  2(b)) 

Vj,  v2  Poisson's  ratios  of  second  and  third  segments,  respectively, 

of  step-type  wall,  dimensionless  (Fig.  2(b)) 
o.  flexural  strength  (bending  modulus  of  rupture)  of  lid 

D 

material,  psl 

a maximum  tensile  stress  in  lid,  psi 

max 

ultimate  tensile  strength  of  lid  material,  psl 

SUBSCRIPTS : 

1 previous  package 

11  present  package 


APPENDIX  B: 


ORIGIN  OF  COLLAPSING  PRESSURE  FORMULA,  EQUATION  (31), 
FOR  DUCTILE-MATERIAL  LIDS 


The  uniform  lateral  pressure  required  to  collapse  a plate  of  ductile 
material  can  be  estimated  by  means  of  a "yield-line  analysis"  similar  to 
the  limit  analysis  technique  used  for  rigid-jointed  frames.  The  yield-line 
analysis  method  is  explained  in  Reference  9. 

Applying  this  method  to  the  rectangular  lid  of  a flat  pack,  with  an 
assumed  yield-line  pattern  as  represented  by  the  dashed  lines  in  Figure  25, 
and  with  p therein  so  chosen  as  to  minimize  the  collapse  load,  one  easily 
arrives  at  the  following  formula  for  the  collapsing  pressure,  P„i 
for  the  case  a/b  < 1: 


P 


ultimate 


48 

[A  + (a/b) 2 - (a/b)]2 


m + m 
e 


2a2 


(Bl) 


The  yield-line  pattern  of  Figure  21  is  a plausible  one  for  the 
limiting  case  a/b -*■().  However,  at  the  other  limit,  a/b  * 1,  E.N.  Fox 
(Reference  10)  has  found  for  a constant  thickness  lid  that  a more  sophisti- 
cated yield  line  arrangement  prevails  which  leads  to  a factor  42.8  in  place 
of  the  factor  48  in  Equation  (Bl).  Therefore  we  shall  multiply  the  right 
side  of  (Bl)  by  the  correction  factor 


48  - 5.2(,/b>.  (B2) 

48 

which  has  no  effect  when  a/b  = 0,  but  reduces  the  48  to  42.8  when  a/b  ■ 1 
and  for  simplicity  varies  linearly  in  a/b. 
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Equation  (Bl)  then  becomes 


^ultimate  “ n8 


2 ( m + m) 
e 


(B3) 


where 


n.  ■ 
8 


-M-  (1.3) (a/h) 


(a/b)2  - (a 


/b)J 


(B4) 


This  equation  is  plotted  in  Figure  25  it  1*  a . 

8 o . It  is  found  that  the  resulting 

graph  can  be  represented  very  well  bv  th»  f„n 

y well  by  the  following  second-degree  parabola: 


"o  ' 4 + 3.2  i + 3.J  <i,2 
Thl.  is  th.  representation  used  in  E,u.tio„  (32) . 


(B5) 
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Figure  3.-  Lid-to-wall  seal  geometries. 


(a)  Unequal  moments  at 
top  and  bottom  of 
wall. 


(b)  Equal  moments  at 
top  and  bottom  of 
wall. 


Figure  4.-  Wall  flexure  due  to  bending  moments  applied  at 
by  lid  and  base. 


top  and  bottom 


ip  between  K and  arctan 


arctan  K 


Figure  7.-  Bending  moment  intensity  at  the  middle  of  the  long  side  for 


a uniformly  loaded  rectangular  plate  obeying  Hooke’s  law 
with  edges  elastically  restrained  against  rotation. 
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Figure  8.- 


Intensity  of  vertical  reaction  at  the  middle  of  the 
long  side  for  a uniformly  loaded  rectangular  plate 
obeying  Hooke's  law  with  edges  elastically  restrained 
against  rotation  (v  - 0.3) 


In 


Figure  12.-  Graphs  for  determining  the  m.ixlmum  tensile  stress  o 

max 

uniformly  loaded  rectangular  plates.  Curves  adapted  from 
the  following  parts  of  Reference  6;  (a)  top  graphs  on  p.  50, 
(b)  middle  graphs  on  p.  51,  (c)  middle  graphs  on  p.  50,  and 
(d)  middle  graphs  on  p.  52. 
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(b)  K“0  (arctan  K«0) 
and  edges  free  to 
curve  in  the  plane 
but  not  to  strain 
axially. 
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Figure  12.-  Continued. 
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(d)  K»o°(arctan  K«u/2) 
and  edges  free  to 
curve  in  the  plane 
but  not  to  strain 
axially. 


10 


pa4/Et" 


100 


Figure  12.-  Concluded. 


Center  deflection  of  a uniformly  loaded  rectangular  plate 
that  obeys  Hooke's  law  with  edges  elastically  restrained 
against  rotation  (small-deflection  theory). 


Figure  14 


Figure  15.-  Correction  factors  based  on  large-deflection  theory  to  be  applied  to 
•nail-deflection  theory  value  of  renter  deflection  of  elastic  lid 
(v-0.3).  Data  adapted  from;  (a)  P.  181  of  Ref.  5 and  p.  150  of 
Ref.  6.  (b)  P.  152  of  Ref.  6.  (c)  P.  190  of  Ref.  5 and  p.  154  of 
Ref.  6.  (c)  P.  156  of  Ref.  6. 
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(a)  Uniform  quality  seals. 
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(b)  Variable  quality  seals. 
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(c)  Groups  of  nominally  identical 
packages  with  variable  quality 
seals;  mean  pcf  (circle)  and 

range  of  Pcr  plotted. 


[ (a/w)2n]~ 1 

(d)  Same  as  (c)  but  reduced  range 
of  pcr  (one  standard  deviation 

above  and  below  mean)  plotted. 


Figure  21.-  Hypothetical  satisfactory  correlations  between  test  data  and 
theory  (Eq.  (50)). 
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